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Figure 11. Net sites for sampling drifting walleye and sauger eggs in Upper and Middle Pool 2 of the Upper Mississippi River, spring 1999. 
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rivers. The remammg 2% came from areas 
downstream, near St. Paul ( 1 egg) and South St. 
Paul (4 eggs). Of the 328 eggs collected, 213 
hatched and were identified. All larvae were 
walleye (193), Hiodontidae (12), Cyprinidae (1), 
Catastomidae (6), and Esocidae (1). Ninety
eight percent of the walleye were from the 
Minnehaha Creek area. Other areas that each 
produced a single walleye egg were: the 
Minnesota-Mississippi rivers confluence, the St. 
Paul area, and the South St. Paul area. All percid 
eggs were relatively uniform in size, in the 1.8-
2.2 mm range. Scott and Crossman (1973) 
reported that walleye eggs are 1.5-2.0 mm, with 
sauger eggs being smaller. Hatched larvae 
matched descriptions of myomere counts and 
pigmentation of walleye presented by Auer 
(1982) and Holland-Bartels et al. (1990). The 
presence of adult walleye, determined by radio 
telemetry or reports by anglers, supported the 
conclusion that walleye spawning took place in 
these areas. 

Habitat Use and Population Assessment Sam
pling Efficiency 

Due to hydrology, river stage, and 
limitations in available personnel, no attempts 
were made to quantitatively describe available 
habitat. Mean water depth used by sauger was 
greatest during winter (3.9 m) and spring (3.7 m) 
(Table 5). Mean water depth was lowest for 
sauger located during summer ( 1.4 m). The 

summer mean water depth was significantly 
lower than winter and spring. Mean water depth 
for sauger located during fall (2.8 m) was not 
significantly different from winter, spring, or 
summer. Mean water depth for tagged walleye 
did not differ significantly by season (Table 5). 
Significant differences between walleye and 
sauger mean water depth were detected during 
spring and summer (Table 5). Mean water depth 
for sauger was greater than walleye during 
spring (p-value < 0.001) and less than walleye 
during summer (p-value = 0.0012). 

We located sauger primarily over sand 
and silt substrates (Figure 12). Walleye used a 
wider variety of substrate types than sauger 
(Figure 12). Similar to sauger, sand and silt 
were the dominant substrate types used by 
walleye. However, tagged walleye were located 
near gravel and cobble substrates more fre
quently than sauger. 

Macrohabitat use by walleye and sauger 
was similar overall, with the exception of 
walleye being located more frequently in 
tailwater areas than sauger (Figure 13). Sauger 
were located in the main channel 30% of the 
time. They were located near wing dams or 
channel borders 25% and 23% of the time, 
respectively. Walleye were located most fre
quently near channel borders (25% ), the main 
channel (23%) or near wing dams (23% ). The 
difference between walleye and sauger use of 
tailwater areas is likely due to the five walleye 
tagged and subsequently located in the tailwater 

Table 5. Seasonal mean water depths of sauger and walleye in Pool 2 of the Mississippi River, 1997-99. Values 
expressed are the sample size (N) and mean water depth (m), with the standard deviation (SD) in parentheses. 
Habitat variables with common superscript letters are not significantly different by season, within that species, 
based on Tukey-Kramer HSD paired comparisons tests. The significant difference row indicates whether there 
was a significant difference in mean water depth between species during a particular season, based on the results 
of Wilcoxin Rank Sums tests. Alpha = 0.05 was used for both tests. 

Winter Spring Summer Fall 

N Mean (SD) N Mean (SD) N Mean (SD) N Mean (SD) 

Sauger 7 3.9 (1.4) 8 37 3.7 (1.1)8 12 1.4 (1.0)b 3 2.8 (0.9)ab 

Walleye 23 3.4 (1.4)8 95 2.8 (1.1 )8 33 2.7 (1.2)8 10 3.0 (1.2)8 

Significant 
No Yes Yes No difference? 
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Figure 12. Summary of substrate types at locations of radio-tagged sauger and walleye in Pool 2 of the 
Mississippi River, 1997-99. 

of Lock and Dam 1, since no sauger were tagged 
in this area. Walleye primarily used channel 
borders, wing dams, and the main channel dur
ing winter, spring, and fall (Figure 13). During 
summer, walleye used wing dams, backwaters, 
and the main channel (Figure 13). Sauger pri
marily used wing dams, the main channel, and 
channel borders during winter and spring (Figure 
13). During summer, sauger used backwater 
areas much more frequently than other areas 
(Figure 13). 

We used telemetry results to choose 
sampling stations to increase electrofishing 
sampling efficiency as needed for population 
assessment. The first sampling period occurred 
during late fall 1998 and consisted of four sam
pling events. Sampling was performed down
stream of Lock and Dam 1, and on or near wing 
dams in Middle Pool 2. Electrofishing catch
per-unit-effort (CUE) during this time ranged 
from 12-61 fish per hour, with an overall mean 
CUE of 37 fish per hour. Due to Ice formation 
in Lower Pool 2, only Upper and Middle Pool 2 
were sampled during the fall period. The second 
sampling period occurred during June 1999 and 
consisted of three sampling events. Sampling 
was performed in backwater areas of Lower 
Pool 2, and below Lock and Dam 1. Water 
levels were too high to sample wing dam habitat 
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previously sampled in Middle Pool 2. Thus, 
only Upper and Lower Pool 2 were sampled 
during spring 1999. CUE for the spring sam
pling period ranged from 5.5 - 74.5 fish per 
hour, with an overall mean of 29.8 fish per hour. 
The highest CUE for each period was observed 
in the area downstream of Lock and Dam 1. 
During fall, catch rates were also high in middle 
Pool 2 during the second sampling event (51.3 
fish per hour), and subsequently declined on the 
last two fall sampling dates ( 17 .3 and 12 fish per 
hour, respectively). While spring electrofishing 
in the Lock and Dam 1 tailwaters resulted in 
high catch rates (74.5 fish per hour), catch rates 
in Lower Pool 2 were much lower (5.5 fish per 
hour). 

Discussion 

Seasonal Movements 

Sauger were generally more difficult to 
locate than walleye because radio signals attenu
ate with increasing water depth (Winter et al. 
1978). The a priori belief was that the water 
depth throughout the majority of Pool 2 corre
sponded to the 2.7 m navigation channel, with a 
limited number of areas where the depth was 
greater than 9 m. It was also believed that the 
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radio transmitters would be effective in water 
depths up to 7-9 m. However, personal observa
tion indicated that the amount of water deeper 
than 9 m is more prevalent than previously 
assumed, particularly during periods of high 
runoff. Furthermore, the maximum depth at 
which any fish was located was 6.7 m. This 
indicates that difficulties locating fish, particu
larly sauger, may have been due to equipment 
limitations related to water depth. Therefore, 
caution must ~e used when interpreting data 
from this study,-especially mean depth used, as 
it is likely biased to favor fish that were located 
in shallow water. 

Sauger and walleye tagged with radio 
transmitters in Pool 2 exhibited variable and 
complex movement patterns. Spring walleye 
and sauger movement up the Minnesota River in 
1998 and 1999 comprised the most significant 
movements of the study. Fish were found in the 
Minnesota River beginning in mid-March and 
continuing until late-April or early-May. Due to 
the timing of the movement, it was likely related 
to spawning activity for both species. However, 
no effort was made to document spawning 
outside of Pool 2. Several studies have docu
mented upstream movements related to spawn
ing for both walleye and sauger (Holzer and Von 
Ruden 1984; Freiermuth 1987; Pitlo 1989; 
Siegwarth 1993). Walleye and sauger locations 
in the Minnesota River were not numerous 
enough to make accurate conclusions on the 
distance traveled or total time spent outside of 
Pool 2. The extreme upstream locations of 
sauger and walleye were 90 and 73 km, respec
tively, from the confluence of the Minnesota and 
Mississippi Rivers, and indicate that fish traveled 
long distances during these periods. 

Water flow in the tail waters of Lock and 
Dam 1 exposes rock and gravel substrate for 
several kilometers downstream, making it ideal 
habitat for demersal spawners like sauger and 
walleye. Freiermuth ( 1987), Bulow et al. 
(1991), and Broo~s (1993) documented sauger 
spawning in dam tailwater areas. Paragamian 
(1989) located walleye spawning in tailwater 
areas in the Cedar River. In a study similar to 
the present one, Ickes et al. (2000) found sauger 
spawning in the area downstream of Lock and 
Dam 3, the same area identified by Freiermuth 
(1987). Therefore, one might expect migrating 
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walleye and sauger to travel past the confluence 
of the Minnesota River up the Mississippi River 
to move into tail water areas, taking advantage of 
the habitat located there. Furthermore, water 
quality is typically lower in the Minnesota River, 
due to the high levels of suspended solids. 
Nonetheless, no observations were made of 
walleye or sauger moving into the tailwater 
areas from downstream areas during spawning. 

All long-distance upstream movements 
by both species involved the Minnesota River: 
Several hypotheses have been formulated to 
explain this observation. One hypothesis is that 
fish move into the Minnesota River to use 
smaller tributaries to spawn. Siegwarth (1993) 
found that both walleye and sauger used a tribu
tary of the Mississippi River to spawn. Ickes et 
al. (2000) found walleye traveled a substantial 
distance from Pool 4 up the Vermillion River 
during spawning periods. Another possible 
hypothesis is that walleye and sauger use alter
native habitats for spawning. Pitlo ( 1989) docu
mented walleye spawning on mussel beds, which 
are present in the Minnesota River. Priegel 
( 1970), and Holzer and Von Ruden ( 1984) found 
walleye spawning in flooded marsh areas over 
submerged vegetation. Ickes et al. (2000) found 
that walleye in Pool 4 used flooded backwaters 
for spawning when water levels were high 
enough to allow entrance to these areas. The 
timing of fish movements into the Minnesota 
River from Pool 2 corresponded to high spring 
flows. During these periods, flooded backwaters 
with submergent vegetation were common. Two 
walleye were located in such backwater areas, 
one in 1998 and one in 1999. 

One concern of local fishery managers 
prior to this study was that fish protected under 
the catch and release only restriction for Pool 2 
were leaving the pool and subjected to harvest. 
While this is a possibility, we found no evidence 
of this occurring. The major movement of fish 
into the Minnesota River occurred during the 
period when the angling season for game fish is 
closed. Rapid movements back downstream 
indicate that all radio tagged fish located in the 
Minnesota River had returned to Pool 2 by the 
time the harvest season opened. Only one 
sauger (#660) was located in the Minnesota 
River after the fishing season opened in 1998. 



However, this fish was believed to be dead. and 
may have died prior to the fishing season opener. 

Holzer and Von Ruden ( 1984) observed 
distinct individual movement patterns of walleye 
tagged in Pool 8 of the Mississippi River. Simi
lar observations were made on walleye during 
this study. While many fish traveled long dis
tances up the Minnesota River, several others 
exhibited contrary behavior, and didn't venture 
far from their original tagging sites. One 
walleye (#790) remained within 0.8 km of its 
tagging location from 16 October 1997 until 
contact was lost in December 1998. This fish 
remained near wing dams during the entire 
period, and was caught and released once by an 
angler. Only walleye were tagged near Lock 
and Dam 1 and didn't move significantly until 
early summer 1998. Several sauger exhibited 
downstream movement during spring 1998. 
However, locations for these fish were very 
infrequent and the extent of these movements 
could not be documented. 

Summer contacts of walleye and sauger 
were made predominantly in Lower Pool 2. 
Both walleye and sauger used a combination of 
main channel border/backwater lake habitat 
during this period. Fish located in backwaters 
were found in depths as shallow as 0.3-0. 7 m 
(sauger 670, walleye 731 ). Several walleye also 
used wing dam areas and main channel areas 
downstream of the confluence of the Minnesota 
and Mississippi Rivers, consistent with the 
findings of Pitlo (1983) for walleye in Pool 13. 
He also documented sauger using sloughs and 
side channels, though wing dam and main chan
nel border were used more frequently during this 
period. 

Due to high catch rates of walleye and 
sauger by anglers in Middle Pool 2 during the 
winter, fishery managers have suspected that 
these species use that area for staging prior to 
spawning movements. The results of this study 
reinforce that conjecture. The majority of 
walleye and sauger locations during winter were 
observed in Middle Pool 2. Several fish (e.g. 
walleye 731 and 811, sauger 781) that were 
commonly located in Lower Pool 2 during 
summer were located numerous times in Middle 
Pool 2 during winter. 

Despite attempts to locate fish in Pool l, 
Pool 3, and the St. Croix River, only one fish 
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was located outside of Pool 2 in areas other than 
the Minnesota River. This was a walleye located 
in the tailwaters of Lock and Dam 2. Depth 
limitations of radio-telemetry may have pre
vented us from locating other fish outside of 
Pool 2. 

Spawning Areas 

Walleye eggs were collected from all 
major netting sites and hatched. Most walleye 
eggs were collected near the mouth of 
Minnehaha Creek, in the tailwater area of Lock 
and Dam 1. This area had been postulated as a 
spawning area, due to large amounts of spawn
ing habitat and reports of anglers catching 
spawning walleye in this area. Thus, the area 
immediately downstream of Lock and Dam 1 is 
considered a primary walleye spawning area. 
Small numbers of walleye eggs were collected 
below the confluence of the Minnesota and 

; Mississippi Rivers, on wing dams near down-
town St. Paul, and from the main channel border 
habitat in the South St. Paul area. It is impossi
ble to determine whether these eggs were dis
tributed nearby, or whether they had drifted from 
further upstream. Pitlo ( 1989) collected viable 
eggs as far as 0.9 km downstream of spawning 
areas. He also concluded that eggs may drift 
much farther, even incubating while drifting. 
However, these areas were chosen as suspected 
spawning areas based on the presence of radio
tagged fish and reports of anglers catching ripe 
fish. It is reasonable to conclude that spawning 
did occur nearby upstream of the nets, though 
exact spawning areas were not precisely located. 
Eschmeyer (1950) and Johnson (1961) reported 
walleye spawning on small, discrete patches of 
gravel and rubble, while avoiding sand. Varying 
locations of walleye and sauger during spawning 
periods in Pool 2, combined with small numbers 
of eggs collected, suggest that spawning within 
the pool may occur in small events wherever 
suitable habitat is present. Wing dams are prime 
candidates for walleye and sauger spawning 
areas due to large amounts of firm or rocky 
substrntes. No sauger eggs were collected 
during this study, and is likely due to the inabil
ity to locate sauger spawning sites. Sauger 
spawning has been reported at depths of 3-7 .3 m, 
along the main river channel (Medlin 1990; 



Brooks 1993). Spawning in Pool 2 may have 
occurred at similar locations, however, depth 
limitations of our radio-telemetry gear may have 
inhibited our ability to locate these fish and 
sample drifting sauger eggs. 

Habitat Use and Population Assessment Sam
pling Efficiency 

The ability to effectively sample walleye 
and sauger populations in Pool 2 is important for 
evaluating the catch-and-release-only regulation 
and for population assessment. One objective of 
this study was to gain insight on the behavior of 
these species to increase sampling efficiency. 
Movements and habitat use were evaluated to 
determine whether certain areas or microhabitat 
types could be targeted to produce reliable 
samples. Substrate use by tagged walleye and 
sauger was not related to season. Sauger used 
mainly sand or silt substrates, which are very 
abundant in the main channel and slack water 
areas. Walleye used rocky or gravel substrates 
more frequently than sauger. In Pool 4, Ickes et 
al. (2000) found mean sauger depth was signifi
cantly greater than mean walleye depth during 
all seasons except summer. In the present study, 
we found that water depth differed significantly 
only during spring and summer, with sauger 
using deeper water in the spring and walleye 
using deeper water in the summer. Water depths 
used by tagged fish may provide the most insight 
for planning sampling efforts. For both species, 
mean water depth used was lowest during sum
mer and highest during winter. Use of shallow 
water by walleye and sauger during summer 
may be a benefit when electrofishing gear is the 
preferred sampling method. However, walleye 
and sauger located in these areas appeared to 
exhibit roaming behavior and did not relate to 
particular structure or shorelines. Electrofishing 
is most successful when fish concentrating 
structures, such as shorelines, riprap, or sub
merged trees, are targeted. Thus, electrofishing 
may not be the most effective method for sam
pling backwaters. 

We analyzed macrohabitat use by 
walleye and sauger to determine what types of 
habitat could be most efficiently sampled at 
various times of the year. Main channel and 
channel border habitat are frequently used by 

26 

walleye and sauger during winter, spring, and 
fall. However, sampling these habitat types is 
difficult. Water depth in the main channel and 
channel borders is typically too deep to sample 
with electrofishing gear. Furthermore, high 
water flow rates, navigational use, and floating 
debris restrict the use of nets in these areas. 
Sauger and walleye both used backwater areas 
during the summer. Since flow, floating debris, 
and· navigational use are much less in these 
areas, trap netting or gill netting may be a pro
ductive method for sampling backwaters. 
Walleye frequently used tailwater areas. The 
highest percentage of tailwater use occurred 
during winter and spring. The tailwater area 
below Lock and Dam 1 has extensive rocky and 
rip-rapped shoreline, including an island directly 
below the dam. Just below the tailwater area is 
the mouth of Minnehaha Creek. Walleye an
glers from boat and shore typically have highest 
catch rates in this area during winter and spring. 
Electrofishing may be a successful method of 
sampling these areas during this time. Another 
macrohabitat candidate for increasing sampling 
success may be wing dams. Wing dams were 
used by walleye and sauger during all seasons. 
Likewise, walleye and sauger anglers typically 
have high success rates by targeting wing dam 
areas. Wing dams are an important component 
of available habitat to fish populations in the 
Mississippi River, providing various fish species 
with shelter, food organisms, and spawning 
substrate (Pitlo 1998). Thus, wing-dam sam
pling may be useful and should be investigated 
further by Pool 2 managers. Pitlo ( 1998) sum
marized and compared the results of several 
studies of evaluating gear for sampling fish 
populations from wing dams. Trammel nets, 
hoop nets, gill nets, frame nets, and 
electrofishing were compared. All methods 
were effective in sampling these areas, with 
some methods performing better in collecting 
certain fish species than others. Electrofishing 
typically outperformed other gears, displaying 
the highest CUE and the largest number of 
species sampled. Pitlo (1998) also noted that 
entanglement gear was prone to reduced effi
ciency during periods of high flow, when gill 
nets .and trammel nets became plugged with 
debris. 



In the present study, electrofishing 
during fall 1998 produced high catch rates of 
walleye. Habitat sampled included shallow 
rocky areas in the tail water of Lock and Dam 1, 
and backwater and wing dam habitat in Middle 
Pool 2. Electrofishing in spring 1999 again 
produced high catch rates in the Lock and Dam 
1 tail waters. However, efforts to sample walleye 
and sauger in Lower Pool 2 were largely unsuc
cessful. Fishery managers have indicated that 
the best ele~trofishing success in Lower Pool 2 
depends largely on weather conditions (e.g., 
windswept shorelines). Electrofishing effort in 
the future should be intensified, sampling vari
ous habitats during different seasons to deter
mine which combination of season and habitat 
yields the most reliable results. Consideration 
should also be given to other sampling methods, 
such as frame nets or trammel nets. 

Management Implications 

Seasonal movement patterns of walleye 
and sauger indicated that the majority of move
ments outside of Pool 2 took place in the Minne
sota River, during the period of time when the 
harvest season is closed for these species. Based 
on this, one may conclude that Pool 2 walleye 
and sauger are being protected by a year-round 
catch and release only regulation. 

Telemetry was successful in identifying 
some areas that may be important for walleye 
and sauger spawning. Egg sampling verified 
walleye spawning in Upper Pool 2. Since 
spawning may be occurring at other locations, 
any future effort should be directed at locating 
and describing spawning areas in Lower Pool 2, 
particularly for sauger. Wing dams may be the 
best candidates for good spawning habitat, and 
should be examined further. 

Seasonal variations in sampling success 
for walleye and sauger exist in Pool 2. Our two 
sampling periods indicate that high sampling 
success may ~e observed during the fall over 
wing dams. This may be due to behavior of the 
fish, or it may simply be due to low water levels 
during this period contributing to increased 
success with electrofishing gear. Sampling 
success in Lock and Dam 1 tailwaters was high 
during spring and fall. To get the best estimates 
of true population parameters for Pool 2 walleye 
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and sauger, samples should be taken from vari
ous portions of the pool. To develop the most 
efficient sampling plan, more intensive sampling 
should be done on an experimental basis. 
Electrofishing should be performed in various 
suitable locations during all seasons to determine 
which combination of season and location pro
vides the best sampling plan. Consideration 
should also be given to using passive capture 
gear, such as frame nets or gill nets, to sample 
areas that are not suitable for electrofishing. 
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